With electromagnetic working environment becoming more and more complex, how to model and analyze clutter exactly is very important in the radar research. Especially for cognitive radar which combats with complex environment, the modeling and generation of clutter plays a basic role in echo analysis. In this paper, based on the principle of zero memory nonlinear (ZMNL) and the characteristics of Lognormal distribution, we use linear filter and nonlinear mapping transformation function to generate Lognormal distribution clutter. In simulations, we change sampling frequency and length of the random sequence. The results show that in both clutter amplitude and clutter spectrum, the estimated value approaches the theoretical value. Finally, a summary of the full paper is presented.
INTRODUCTION
With the advancement of modern technology, radar develops rapidly with various needs of people. However, more extensive use of electromagnetic spectrum and high speed of target will make electromagnetic environment become more and more complex. With the development of modern radar technology, there is a great demand for innovative sensors and sensing configurations based on cutting-edge technologies, such as waveform diversity, robotics, and supporting software languages. Present-day systems are very sophisticated and advanced. More and more modern radar systems are proposed, for example, cognitive radar (Haykin, 2006) , MIMO radar (Daum and Huang, 2009) , etc. Modeling clutter accurately can improve radar detection performance and provide a realistic simulation environment of radar clutter. So it is becoming a hot topic in the research and engineering field.
A research in the area of bistatic radar clutter modeling is presented. After the bistatic clutter scenario is defined two land-clutter models, based on a common general geometry are described (Pola, Bezousek and Pidanic, 2013) . Unlike traditional signal-dependent stochastic models, a new "stochastic transfer function" approach is presented that results from a fundamental physics scattering model (Guerci, Bergin, Guerci, Khanin and Rangaswamy, 2016) . An improved empirical model for radar sea clutter reflectivity is proposed (Hansen and Mital, 2012) . Measurements of urban ground clutter made from the CSIR campus in Pretoria, South-Africa is described. The measurements were made using a wideband X-band radar (Strydom, Witt and Cilliers,2014) . A model is proposed for generating low-frequency synthetic aperture radar (SAR) clutter that relates model parameters to physical characteristics of the scene (Jackson and Moses, 2009) . A new method of modeling and simulation of temporal-spatial-correlated (TPC) clutter is proposed, based on the weighted norm in discrete complex linear space and a simple matrix transformation (Teng and Dan,2011) . Two-dimensional exponential correlation rough surfaces characterized by textures are combined with the small-slope approximation (SSA) method to comparatively study electromagnetic (EM) scattering features of textured surfaces (Wei, Zhang, Sun and Yuan, 2014) . Artificial neural network is used to classify four common radar clutter models. Clutter models is simulated and their important features like skewness and kurtosis are extracted (Darzikolaei, Ebrahimzade and Gholami, 2015) . In the obove methods, either clutter amplitude performance is better or clutter spectrum performance is better. Two performances cannot be achieved at the same time.
In this paper, based on the principle of ZMNL and the characteristics of Lognormal distribution, we uselinear filter and nonlinear mapping transformation functionto generate Lognormal distribution clutter. Finally, we compare the generated clutter with the theoretical value in simulations in both clutter amplitude and clutter spectrum.
COGNITIVE RADARAND ZMNL PRINCIPLE
Cognitive radar can work in sea level and ground plane, and the accurate clutter modeling is a very important part in cognitive radar. Lofnormal distribution is suitable for the sea clutter with high resolution and low grazing angle, and ground clutter with low grazing angle.We make a brief introduction to cognitive radar. Cognitive radar is the next generation radar system. Figure 1 is a basic signal-processing cycle in cognitive radar. Cognitive radar has the capability to observe and learn from the environment through radar echo. After analyzing and computing relevant information, it operates closed loop and the transmitted waveform will be adaptive.
Form figure 1, we can conclude that echo analysis is crucial to cognitive radar, the basis of which is accurate modeling and simulation of clutter. In order to achieve objectives more efficiently, the waveforms should be adapted in response to prior measurements.Especially for cognitive radar which combats with complex environment, accurate modeling and simulation of clutter is more important.
To simulate radar clutter, we can take computer numerical simulation based on the physical model of electromagnetic scattering theory considering several kinds of radar working environment, or use radar equation according to specific radar environment and parameters. However, the two methods are not often used as a result of the limitations. Monte Carlo methods are a broad class of computational algorithms that rely on repeated random sampling to obtain numerical results. Their essential idea is using randomness to solve problems that might be deterministic in principle. They are often used in physical and mathematical problems and are most useful when it is difficult or impossible to use other approaches.
According to statistical mathematical model provided by the theoretical and actual data, the methods of producing correlated random sequence which has a certain probability are under investigation. At present, the method of SIRP, the method of ZMNL, and the method of SDE are extremely common. SDE method is complex and its application range is limited. This paper mainly researches on the method based on ZMNL principle.
The basic method of ZMNL is to transfer the correlated Gaussian random sequence process to the required correlated random process by a sort of nonlinear transformation, which can be realized by nonlinear mapping transformation function. After selected nonlinear transformation form through the relationship of clutter distribution function, the correlated characteristics of Gaussian process before the transformation can not be optionally designated, we should find out the transformation relationship between the correlation function before and after the transformation according to the concrete transformation method.
The key to this method is to derive correlation function of Gaussian process before the transformation by the given non-Gaussian process correlated function. 
3.GENERATIONOF LOGNORMAL DISTRIBUTION CLUTTER
With the increase of radar resolution, it is found that the actual clutter has longer tail than Gaussian model. Using Gaussian model will makefalse alarm probability of radar produce large deviation. So Lognormal model is introduced. For the sea clutter with high resolution and low grazing angle, and ground clutter with low grazing angle, Lognormal model is applicable. When the sea is at the peak of a wave, Lognormal distribution can well simulate clutter data at that time. When the ground has large reflectors, these reflectors produce many bright peaks and shadows according to different angles of observation, thus a large range of clutter is generated. Probability density distribution function of Lognormal is (1) Figure 3 shows the corresponding probability density distribution curve. Corresponding distribution function is
where  c is scale parameter,  v is shape parameter, and ()  erfc is Cosine error function. 
4.SIMULATIONS
In this section, in order to verify the performance of the proposed algorithm, we will compare the estimated value from the genarated clutter with the theoretical value.
Simulation conditions are set as follows. The length of the random sequence is 8192 points. Sampling frequency 1000  . Clutter spectrum Figure 7 shows the amplitude distribution comparison between the estimated value from the generated clutter and the theoreticalvalue. We can see that both are basically consistent with each other. Figure 8 shows that in the aspect of clutter spectrum, the estimated value approaches the theoretical value. From the aspect of approach degree, the second-order characteristics of generated clutter are better than first-order characteristicsof generated clutter.
In order to make a comparison between different parameters, we simulate another experiment. The length of the random sequence is 16384 points. In the second experiment,we can get a similar conclusion as in the first experiment. With the increase of sampling frequency and length of the random sequence,estimated value in clutter amplitude and clutter spectrum approaches the theoretical value. Contrast figure 7 with figure 11 and figure 8 with figure 12, it can be concluded that with the increase of sampling frequency and length of the random sequence, the estimated value in the second experiment is further away from the theoretical value than the estimated value in the first experiment.
5.CONCLUSIONS
In this paper, based on the principle of ZMNL and the characteristics of Lognormal distribution, weuse linear filter and nonlinear mapping transformation functionto generateLognormal distribution clutter.Simulation results show that in both clutter amplitude and clutter spectrum, the estimated value approaches the theoretical value. Moreover, from the aspect ofapproach degree, the second-order characteristics of generated clutter are better than first-order characteristics. The estimated value is more closer to the theoretical value with the decrease of sampling frequency and length of the random sequence.So in better to obtain better performance, sampling frequency and length of the random sequence should be chosen as small as possible.
